Introduction
Tillodonts are a group of archaic Paleocene and Eocene Holarctic eutherian mammals characterized by enlarged, gliriform second incisors with restricted enamel, which became ever−growing in the most derived forms (Gazin 1953; Rose 2006) . Where known, their skeletons were relatively robust and generalized and best adapted for terrestrial life, though at least some had a capacity for digging or climbing. They were herbivorous, and most were medium− sized to moderately large animals. Their precise relationships among eutherians are uncertain, but a close relationship to Panto− donta seems probable (e.g., Chow and Wang 1979; Lucas 1993) . McKenna and Bell (1997) united Tillodontia with Pantodonta and other clades in the higher taxon Cimolesta.
The teeth reported here, believed to pertain to a single spe− cies, are a right I2 and a left M3 that show distinctive tillodont characteristics: the incisor is relatively large and rooted, with re− stricted enamel, and the molar has a broad stylar shelf with a hy− pertrophied parastylar lobe and well−developed anterior and posterior cingula. They are closely similar in size and morphol− ogy to their counterparts in North American Esthonyx and are comparable in size to basal Wasatchian Esthonyx spatularius and slightly smaller than early Wasatchian E. bisulcatus. In the Table 1 . Distribution of tillodont genera (modified from McKenna and Bell 1997, as noted) . Ages of Asian records from McKenna and Bell (1997) and modified after Tong and Wang (2006) . Abbreviations: e., early; l., late. Huang and Zheng (1999) . 2 Assigned to Tillodontia by McKenna and Bell (1997) and Lucas and Kondrashov (2004) , but the latter authors list numerous differences from other tillodonts. Deltatherium has also been assigned to Arctocyonidae or Pantodonta; it is excluded from Tillodontia in this report. 3 Wang and Jin (2004) ; age was unspecified Paleocene. Tong and Wang (2006) listed the age as early Paleocene (Shanghuan Land−Mammal Age). 4 Huang and Zheng (2003) . Original authors listed age as middle Paleocene, Tong and Wang (2006) placed it in late Paleocene. 5 Tong et al. (2003) . 6 Nel et al. (1999) . 7 Tong and Wang (2006) . 8 Miyata and Tomida (1998) .
Genus

Description and comparisons
GU/RSR/VAS 1651 is an upper mesial incisor (Fig. 1A) , mea− suring 23.2 mm long, 6.2 mm in labiolingual diameter, and 4.8 in mesiodistal diameter (diameters taken near the base of the crown). It is very similar in size and morphology to upper cen− tral incisors of Esthonyx from the early Eocene (Wasatchian Land−Mammal Age) lower Willwood Formation of the Bighorn Basin, Wyoming (e.g., USGS 10258, USNM 533591; Fig. 1B ). These teeth are identified by convention as I2 following Gazin (1953) and Gingerich and Gunnell (1979) , assuming that I1 was lost in esthonychines. As in esthonychines, but not trogosines, the tooth is rooted. The root and crown (as distinguished by ab− sence of enamel on the root) in the Vastan tooth are of equal length. As in Esthonyx, the enamel completely covers the con− vex external curved surface (i.e., laterally and anteriorly), but only the labial half or less of the medial surface. The extension of enamel on the medial aspect is slightly greater than in the two Esthonyx I2s available for comparison (see Fig. 1 ). Unfortu− nately, few specimens of Esthonyx (or other tillodonts) include I2, and variations in its enamel have not been documented, so the significance of the difference observed is unknown. The enamel in the Vastan incisor is slightly rugose, with low and rounded, irregular longitudinal ribs, as in the I2 of Esthonyx. The lingual surface is devoid of enamel, most likely as a result of wear. This distribution of enamel results in a chisel−like cut− ting edge, similar to that of rodent incisors, consisting of a thin layer of enamel around the outer half of the crown surrounding softer dentine lingually. Unerupted or newly erupted upper inci− sors of Esthonyx retain very thin enamel on the lingual surface (e.g., USGS 10258) which is rapidly worn away (Gingerich and Gunnell 1979) . The cross−section of GU/RSR/VAS 1651 is shaped like a slightly elliptical quadrant, which is also true of USNM 533591 and USGS 10258.
GU/RSR/VAS 1587 ( Fig. 2A) is a left M3 also very similar to that of early Eocene Esthonyx from Wyoming ( Fig. 2B, C) . Its mesiodistal length is 5.75 mm, anterior width is 11.0 mm, and pos− terior width is 9.35 mm (near the metacone). It is tritubercular, with rounded paracone, metacone, and protocone. The protocone is the largest cusp, about the same height as the paracone; the metacone is lowest. The small paraconule is separated from the paracone by a distinct valley, whereas the larger and transversely longer metaconule is less clearly separated from the metacone.
There is a well developed anterolingual cingulum and a promi− nent, slightly broader posterolingual cingulum, but no trace of a hypocone. The anterolingual cingulum narrows toward the lingual end, unlike that in Esthonyx and Azygonyx M3s compared, which remain broad to the lingual base of the protocone. The ecto− cingulum is prominent and the stylar shelf is wide anteriorly, nar− rowing toward the metacone. The parastylar lobe is especially sa− lient, bearing an acute parastyle (= stylocone according to Wang and Jin 2004) anterobuccal to the paracone. There are no other dis− tinct stylar cusps. The ectocingulum is slightly thickened in the area where a mesostyle would develop, but there is no connection with the centrocrista. In most of these features GU/RSR/VAS 1587 corresponds closely to specimens of Esthonyx from the Willwood Formation (e.g., USGS 10258, USGS 25033, USNM 510865, UW 7433). M3 of Esthonyx is slightly more waisted (constricted) just lingual to the paracone and metacone, and it tends to have slightly wider anterior and posterior cingula, a more swollen parastylar lobe, a less acute parastyle, and a deeper ectoflexus; but these differences appear to be minor, and excep− tions to each were observed.
Latest Paleocene-earliest Eocene Azygonyx from North Ame− rica is closely related to Esthonyx and differs from the latter princi− pally in having an unfused mandibular symphysis. When Gin− gerich (1989) proposed the genus for a new species and several others formerly included in Esthonyx, no significant dental differ− ences from Esthonyx were observed. To judge from published il− lustrations, the Vastan teeth closely resemble those of Azygonyx, except that the ectoflexus on M3 is shallower in Azygonyx. Conse− quently, a close relationship between the Vastan form and Azygo− nyx is also possible, although the known geographic distribution of Azygonyx makes this less likely than affinity with Esthonyx.
Aside from Esthonyx and Azygonyx, GU/RSR/VAS 1587 bears closest resemblance to the European early Eocene (Ypre− sian) tillodonts Franchaius and Plesiesthonyx. Franchaius (three species) is based on less than 20 isolated teeth, only one of which (the holotype of F. luciae Baudry, 1992 , identified as a right M3 by Baudry 1992: fig. 8a , pl. 1.1) is potentially directly comparable with the Vastan molar (upper incisors have not been reported for European tillodonts). Judging from comparison with Esthonyx, however, the holotype of F. luciae appears more likely to be M2 based on its relatively unreduced metastylar lobe and wide post− cingulum. Baudry's (1992) diagnosis and illustrations provide few features that distinguish Franchaius from Esthonyx; they are surely closely related if not synonymous. Nor do Baudry's (1992) brief generic diagnoses distinguish Franchaius from Plesiestho− nyx (the diagnosis of Franchaius pertains only to upper teeth, that of Plesiesthonyx only to lowers), though her descriptions noted some minor differences between the uppers in cingulum develop− ment, position of stylar cusps, and relative smoothness of enamel. Plesiesthonyx (also known from only a small sample of isolated teeth) has generally been considered to be a synonym of Esthonyx (Gazin 1953; Gingerich and Gunnell 1979; Stucky and Krishtalka 1983; McKenna and Bell 1997) , but Baudry (1992) and Lucas and Schoch (1998) retained it as a valid genus. Supposed features of distinction from Esthonyx include having more inflated molars with better developed cingula, closed molar trigonids with a high paracristid and reduced metastylid, and styles buccal (rather than anterobuccal) to the paracone and metacone. These features vary among North American specimens attributed to Esthonyx, hence it is questionable whether they merit generic distinction among the small sample of European tillodonts. Nevertheless, in those fea− tures that can be compared, the Vastan M3 is more like Esthonyx than like Plesiesthonyx. The recent identification of Esthonyx from the earliest Eocene (MP7) locality of Le Quesnoy, France (Nel et al. 1999) , further suggests the close relationship, if not syn− onymy, of the European genera with Esthonyx. Larger samples and more complete specimens are required to resolve the relation− ships among European and North American esthonychines.
Although our comparisons suggest that the Vastan tillodont is most closely related to Euramerican esthonychines, it might be expected that the closest similarity would be to Asian tillo− donts, particularly any from the Indian subcontinent. At present, only a single tillodont has been described from the Indian sub− continent, Basalina basalensis Dehm and Oettingen−Spielberg, 1958, from the Kuldana Formation at Ganda Kas, northwestern Pakistan (see also Lucas and Schoch 1981) . It is somewhat younger than the Vastan fossils, probably early middle Eocene or possibly late early Eocene (Gingerich 2003) . Basalina is based on a poorly preserved jaw fragment with one incomplete cheek tooth (p4?) and roots of several other teeth. As a result of the poor condition of this specimen and the two other edentulous jaws referred to Basalina, little can be said about its relation− ships except that it is probably a tillodont (and even that has been questioned). Its size is not inconsistent with relationship to the Vastan form, but at present there is no other basis for com− parison; better specimens of both are essential to evaluate a po− tential relationship. The only other tillodonts from the subconti− nent are undescribed specimens from the early Eocene Ghazij Formation of Pakistan, which may represent two or three taxa in a new family (Gingerich et al. 2001) . Even in the absence of their description, this assessment alone suggests that they are not particularly close to the Vastan tillodont teeth.
All other known Asian tillodonts (see Table 1 ) are from China or Japan and, with the possible exception of the recently described Paresthonyx (Tong and Wang 2006 ), none appears to be closely allied to the Vastan tillodont. Early Eocene Paresthonyx is roughly the same size as the Vastan form, but it cannot be directly compared because no teeth from the same loci as the Vastan speci− mens were illustrated, although an M3 was listed in the hypodigm. Paresthonyx is generally similar to Esthonyx but differs from the latter (and the Vastan M3) in having a deeper notch between paracone and metacone, a reduced anterolingual cingulum, a nar− rower stylar shelf, and a shallower ectoflexus.
Paleocene Asian tillodonts tend to be smaller and more primi− tive than the Vastan tillodont. Unfortunately, direct comparisons are impossible for many taxa for which I2 and M3 are unknown. Nevertheless, a few comments may be offered. (Tong et al. 2003) . Its anterior and posterior cingula are less well developed and the buccal part of tooth is less asymmetrical than in Estho− nyx or the Vastan M3. Tong et al. (2003) proposed a new family, Yuesthonychidae, for tillodonts with mesostyles, including the three Asian genera (Yuesthonyx, Adapidium, and Huananius) and North American Megalesthonyx. Differences among these four genera, however, suggest the possibility that appearance of a mesostyle and a W−shaped ectoloph may have occurred more than once in tillodonts. In any case, this derived condition di− minishes the probability that any of these genera has a close re− lationship to the Vastan tillodont.
The remaining genera are usually grouped in the subfamily Trogosinae, characterized by their large size and hypertrophied, ever−growing I2/i2. Trogosus itself is known from both North America and Asia. The other genera (Tillodon, Higotherium, and Chungchienia) are more derived than Trogosus in dental formula or hypsodonty. Chungchienia even achieved ever−growing cheek teeth with enamel limited to the buccal surface (Chow et al. 1996) . The relatively small size and rooted I2 of the Vastan tillodont clearly exclude it from close affinity with trogosines.
Discussion
Our comparisons of the Vastan teeth to the 20 or so genera of tillodonts currently recognized indicate that the closest similar− ity and probable affinity are to the esthonychine Esthonyx, al− though close relationship to North American Azygonyx or Euro− pean Plesiesthonyx or Franchaius cannot be ruled out. The Vastan teeth lack the derived traits of Trogosinae and clearly are closer in size and morphology to the paraphyletic Esthonychi− nae. It is significant that the Vastan form shows no particular re− semblance or likely close relationship with any of the 14 tillo− dont genera known from Asia, with the possible exception of Paresthonyx and Basalina (though resemblances are not as close as to Esthonyx). The likelihood that the Vastan tillodont is closely allied to a western European or Euramerican taxon adds to mounting evidence of faunal interchange between the Indian subcontinent and Europe during the early Eocene (e.g., Gunnell et al. 2008; Rage et al. 2008; Rana et al. 2008; Rose et al. 2009; Smith et al. 2007 ).
The diversity of early Paleocene tillodonts in Asia strongly implies that Tillodontia originated and underwent its initial radi− ation in Asia. Dispersal of tillodonts from Asia to North Amer− ica was one of the faunal events that marked the beginning of the Clarkforkian Land−Mammal Age (Rose 1981) . The evidence at present suggests that esthonychines dispersed to Europe from North America at the beginning of the Eocene, and probably from Europe to India very soon thereafter.
